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PAPERS IN THIS NUMBER. 


“Concrete Road Construction.’’ A. N. Johnson. 
Memoir of Deceased Member. 


Reprints from this publication, which is copyrighted, may be made, 
provided full credit is given to the author and the Society. 

Contributors are hereby notified that proof will not be submitted to- 
them for examination unless requested before the 10th of the month preceding 
the month of publication. 


APPLICATIONS FOR MEMBERSHIP. 


[September 15, 1920.] 


Tue By-Laws provide that the Board of Government shall 
consider applications for membership with reference to the 
eligibility of each candidate for admission and shall determine 
the proper grade of membership to which he is entitled. 

The Board must depend largely upon the members of the 
Society for the information which will enable it to arrive at a 
just conclusion. Every member is therefore urged to communi- 
cate promptly any facts in relation to the personal character or 
professional reputation and experience of the candidates which 
will assist the Board in its consideration. Communications re- 
lating to applicants are considered by the Board as strictly 


confidential. 
The fact that applicants give the names of certain members. 
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as reference does not necessarily mean that such members 


endorse the candidate. 
The Board of Government will not consider applications 
until the expiration of twenty (20) days from the date given. 


ETTER, HAROLD PEARSON, Boston, Mass. (Age 23, b. Redding, Calif.). 
Jan., 1916, to May, 1918, University of California, civil engineering. Jan., 
1919, to June, 1920, Mass. Institute of Technology, B.S. degree in C. E, 
Summer, 1917, rodman with McLoud River R. R. Co., Calif.; summer, 1918, 
assistant, surveying M. I. T. Summer Camp; summer, 1919, surveying and 
drafting with J. R. Freeman, Providence, R. I. Since July, 1920, with Stone 
& Webster, Boston, drafting. Refers to J. B. Babcock, 3d, J. R. Freeman, 
F. M. Gunby,. Leonard Metcalf and C. M.- Spofford. 

Harscu, Erwin, Cambridge, Mass. (Age 25, b. Cincinnati, 0.) Grad- 
uate Central High School, Washington, D. C., 1911. Graduated from 
George Washington Univ., 1915, degree of B.S. in C.E. Employed as aid, 
U. S. Coast and Geodetic Survey, Feb. to Sept., 1913; June to Oct., 1914; 
-and June, 1915, to Sept., 1916. Sept., 1916, to Dec., 1917, instructor in C. E. ° 
University of Tennessee. June to Sept., 1917, junior engineer, U. S. En- 
gineer Dept. on Arkansas River Survey. Dec., 1917, to Oct., 1919, ensign 
(later lieut. j.g.) U. S. Naval Reserve Force. Upon release entered M. I. T. 
and was graduated June, 1920, with degree of B.S. in C. E. At present, 
draftsman with Fay, Spofford & Thorndike. Refers to J. B. Babcock, 3d, 
C. B. Breed, F. H. Fay, H. B. Luther, C. M. Spofford and S. H. Thorndike. 

MorGAn, GEORGE Bason, Cambridge, Mass. (Age 24, b. Greenville, 
Tex.). Graduate Greenville High School, 1913. One year academic work in 
Burleson College, 1914. Texas A. & M. College, 1914-18, degree of B.S., 
C.E. With New York Public Service Comm. four months of 1917. Enlisted 
in U. S. Army, ‘Nov., 1917, College Sta., Texas, C. of E., 2d Lieut., 1918. 
Discharged, Aug., 1919. At Mass. Institute of Technology Oct., 1919, to 
June, 1920; received degree B.S., C. E. At present in Managerial Dept. 
~of Stone & Webster. Refers to J. B. Babcock, 3d,-E. F. Rockwood, C. M. 
Spofford and D. M: Wood. 


EMPLOYMENT BUREAU. 


THE Board of Government maintains an employment 
bureau for the Society, to be a medium for securing positions 
for its members and applicants for membership, and also for 
furnishing employees to members and others desiring men capable 
of filling responsible positions. 
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At the Society rooms two lists are kept on file, one of posi- 
tions available and the other of men available, giving in each case 
detailed information in relation thereto. 


MEN AVAILABLE. 


No. 498. Age 28. Has had about six years’ experience in construction 
plant equipment work. Desires position requiring knowledge of the above 
work or outside work. 

No. 499. Age 27. Received certificate from Wentworth Institute. 
Experience, three years on mold loft drafting; one year as assistant super- 
intendent on construction; two years as assistant master builder; one and 
one-half years on designing and drafting. Desires position as superintendent 
or assistant of construction. 

No. 500. Age 41. Educated in Boston public schools, English High 
School and Harvard University, Class 1901; courses in general science and 
engineering, economics and general culture. Experience, fifteen years with 
Middle Western Railroad Co.; six years, general surveys, construction, main-. 
tenance and betterment; seven years, bridge construction; three years im 
charge of all surveys, estimates and recommendation for temporary and 
permanent bridge renewals, especially economic study of choice of type and 
traffic necessity for light or heavy, temporary or permanent structure. One 
year, sales engineer for pre-cast concrete of all types. One year, construction 
and operation on munitions plant. Two years, miscellaneous construction. 
Desires position on the planning and direction of development and betterment 
where railroad and concrete experience may be useful, in Boston or vicinity, 
but will consider any location. 


LIST OF MEMBERS. 


ADDITIONS. 
BROWN, Ob: ste a eee see a ee LO4 Boylston St.;..Watertown,) Mass- 
ESROWING) Welle eee ee oe nee 7 LO City, tall) Annex, Boston; Mass> 
Grane, WiktSuratn Bo ae eee oe LOO. binckney ot.,, Boston Mass: 
CLEVERDON, H.S...................183 Maplewood St., Watertown, Mass. 
Core sis Sameer ath een tes. slO: Winthrop ot. srramingham,. Massy 
GRAND API Goto asc eas) alee 44 optague sty, Malden): Mass. 
PATE NG es Gomi Wise tatercte eas =, eRe eyeioorse 44 Evergreen St., Roxbury, Mass. 
CANIELEY EERE) ae eye pene es Le ROwellot., Worchester,) Mass; 
EL ANINTAIN pW ay Hrciere ect ere atrataensipneerit th 2 Westmoreland St., Dorchester, Mass. 
TEGIEME SUIS Ose tet rat Comer cc cols .e ace 703 City Hall Annex, Boston 9, Mass. 


Kiwemeae He bao. oes oe oe a = - 222 54. Marathon St., Arlington, Mass. 
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Linen, D. Jeli: ian. eas cee: oe eo og aot St, Dotehester Maas 
Monacuan, L. Joris. oe. 2s ls de ee 45 Stoughton St. Dorchester, Mass 
MORRILL, G. Pics 0 an ee 32 in ae SO LDOYISLOM SLs Ms Ostam pI icisse 
SHA WAS Wis rishi cn le helene ee ca a 27 School St., Boston 9, Mass. 
SHERMAN, H. A...................12 Chauncy Place, Jamaica Plain, Mass. 


CHANGES OF ADDRESS. 


BORDEN, J. Ei sci. ee eee 245 incon Aves Portsmouth, wiNietce 
BRADBURY, E) Goi 2): £20.25... ee ee ee gor Gugle Bldg. Colamibnis.e. 
CAIRD) A. Wied. gid .. doen. snc’... s 2160 South Mam Se, Florence, Mass: 
Carter, G. A...2.).5..0.....+...:Care Parker-Young Co., Wilmington, Vt; 
Duredém, H.-W... o.. w..... - 1 os Care The Koundation Go;, Lima, Peri 
Foster, H.L......................1187 Pingree Ave., West Detroit, Mich. 
HAux, W. W., JR.....................--93 Maplewood St., Malden, Mass. 
TASTIER: eo) Be, Cae teen ee eae ee ened 318 Engineers, Camp Grant, IIl. 
HERING) RUDOUPHEAT A tomiei aan be oe See 40 Lloyd Rd., Montclair, N. J. 
HO” WAV; W. Res vents 22 och cee sree tb noes 2gOuL nach Aldea sbulsa ose 
“\JONSBERG) Fy Fad. 2 oe je 00. Sas. 2.2 ho aso Central St, Boston wtass: 
KINGSWAY GW enone fe eee eae 53 Railroad Ave., Taunton, Mass. 
LEE is Goo or eee eee ee ae en ee 11 Lisbon St., Lewiston, Me. 
MONAGHAN, JOB. 2. ngs hoe pt ese) 79 Milk SES Bastony Macs: 
PARKE, R, Hews ie... cs a a 2 Thomas Sey, Pitehibure aieee 
POPES LL EMUBLIMle foun tent cee te eee 78 Wyman St., Wést Medford, Mass. 
PROBST, SAC Pou niet haters eee .21-25 Pearl St., Boston 9, Mass. 
PO KUUIUIN, whe WES eee eee eereeeee 14 her Walnut St., East Orange, N. J. 
STEARNS Need eee ye ee eee 19 Ganpgoeesne: Boston, Mass. 


WUCKER uaa We, 

Care Dwight P. Robinson & Co., 290 Archer St., Freeport, N. Y. 
PDUGCKER,. Ela Kou otrc ie oe ieee te Weta rk eee Teas Vashon, R.F.D. 1, Wash. 
VAN DER PyL, EDWARD, 
Campagnie des Meutes Norton, 170 Route de Flandre, La Courneuve, France 
Waps, W.N.............1242 Commonwealth Ave., Suite 4, Allston, Mass. 
Wess, DeW. C.... .Office of Public Works Officer, Navy Yard, Norfolk Va. 
WuitMmaN, RAtpu....U. S. Naval Ordnance Plant, South Charleston, W. Va. 
WOODS CLAW 5 Cotecnon et. ae east anes 100 Cambridge St., Winchester, Mass. 
neon ae eee Ie. ts, 3 Box A., Somersworth, N. H. 
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LIBRARY NOTES. 


RECENT ADDITIONS TO THE LIBRARY. 


U. S. Government Reports. 


Antimony in 1919. Henry G. Ferguson. 

Alaskan Mining Industry in 1918. G.C. Martin. 

Contributions to Economic Geology. Part 2, Mineral 
Fuels. 

Cotton Productions in the United States in 1919. 

Deposits of Manganese Ore in New Mexico. Edward L. 
Jones, Jr. 

Fuller’s Earth in 1918. Jefferson Middleton. 

Graphite in 1918. Henry S. Ferguson. 

Gold, Silver, Copper and Lead in South Dakota and Wyom- 
ing in 1918. Charles W. Henderson. 

Gold, Silver, Copper and Lead in Alaska in 1918. G. C. 
Martin. P 

Jack Pine. William Dent Sterrett, Forest Examiner. 

Manganese and Manganiferous Ores in 1917. D. F. Hewett. 

Mineral Resources of the United States. Part 2, Non- 
metals. 

Phosphate Rock in 1918. Ralph W. Stone. 

Preliminary Report on Mineral Resources of thes US, in 
1918. Statistics assembled by Martha B. Clark. 

Petroleum in 1917. John D. Northrop. 

Prices of Coal and Coke, 1913-18. C. E. Lesher. 

Peat in the Dismal Swamp, Virginia and North Carolina. 


Cc. C. Osbon. 

Results of Magnetic Observations in 1919. Daniel L. 
Hazard. 

Reconnaissance of the Pine Creek District, Idaho. Edward 
L. Jones, Jr. 


Sodium and Sodium Compounds in 1918. Roger C. Wells. 
Slate in 1918. G. F. Loughlin and A. T. Coons. 
Structure and Oil and Gas Resources of the Osage Reserva- 


tion, Oklahoma. C. F. Bowen. ; 
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Salt, Bromine and Calcium Chloride in 1918. 


Stone. 


Salt, Bromine and Calcium Chloride in 1918. 


Stone. 


Ralph W. 


Ralph W. 


Silver, Copper, Lead and Zinc in the Central States in 1918. 
J. P. Dunlop and B. S. Butler. 

Statistics of Railways in the United States, 1917. 

Water-Supply Papers, Nos. 429, 443, 446 and 457. 


State Reports. 


New Jersey. 


Annual Report of the Department of Con- 


servation and Development, 1919. 


Commission, 1919. 


mission, I918. 
New ‘York. 


New Hampshire. Annual Report of the Public Service 
New York: Report of the Metropolitan Sewerage Com- 


Annual Report of State Engineer and Sur- 


veyor, Parts I and 2, 1917. 


Massachusetts. 
Commission, 1918. 

Massachusetts. 
Health, 1918. 


Massachusetts. 
Massachusetts. 
Massachusetts. 


factures, 1918. 


Massachusetts. 


Offices, 1919. 


Massachusetts. 


No. I. 


Massachusetts. 


TOry, 


Massachusetts. 


50, 51, 86 and or. 


Annual Report of the Public Service 
Annual Report of the State Board of 
Census of Massachusetts, 1915. 

Report of the Statistics of Labor, 1919. 
Annual Report of the Statistics of Manu- 
Annual Report on the Public Employment 
Industrial Review, March, 1920. Vol. 1, 


Annual Report of Municipal Finances, 


Labor Bulletins Nos. 36, 44, 45, 47, 48, 
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Municipal Reports. 


Bangor, Me. Annual Report of the Bangor Water Board, 
1919-20. 

Boston, Mass. Annual Report of the Transit Commission, 
1919. 

Boston, Mass. Report of Finance Commission, 1919. 

Brockton, Mass. Annual Report of City Engineer, 1919. 

Brockton, Mass. Annual Report Sewage Commissioners 
and City Engineer, I919. 

Chicago, Ill. Annual Report Department of Public Works, 
1915 and Ig16. 

Chicago, Ill. Report on the Chicago Transportation 
Problem, Bion J. Arnold. 

Chicago, Ill. Maps on the Chicago Transportation Problem. 
Bion J. Arnold. 

Chicopee, Mass. Municipal Register, 1898. 

Cincinnati, Ohio. Annual Report of Commissioners of 
Waterworks, 1902. 

Columbus, Ohio. Report of Sewerage Purification, 1905. 

Fall River, Mass. Annual Repért of the Watuppa Water 
Board, I919. 

Fitchburg, Mass. Annual Report of Water Commissioners, 
1895-1900. 

Fort Wayne, Ind. Annual Report of the Fort Wayne City 
Government, 1908. 

Gardner, Mass. Gardner Water Company vs. Town of 
Gardner. 2 vols. 

Gloucester, Mass. Gloucester Water Supply vs. City of 
Gloucester. Vols. 7 and 8. 

Grand Rapids, Mich. Annual Report of Water Board, 
1871-1902. 

Laconia, N. H. Annual Report of Board of Public Works, 
191g. 

Louisville, Ky. Water Reports. Vol. 1. 1861-1875. 
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Municipal Reports. 
Medford, Mass. Annual Report Water and Sewer Com- 
missioners, I919. 
New York, N. Y. Report of Business Transactions, 1917. 
New York, N. Y. . Report of Business Transactions, 1918. 
North Adams, Mass. Annual Report of Officers of City, 
1919. 
Philadelphia, Pa. Annual Report Department of City 
Transit, 1918. 
Reading, Pa. Annual Report of Bureau of Water, 1916. 
Taunton, Mass. Water Commissioners’ Report, 1919. 
Worcester, Mass. Annual Report of Superintendent of 
Sewers, 1919. 


Miscellaneous. 


American Society of Mechanical Engineers, 1920 Year 
Book. 

American Society of Municipal Improvements, Proceedings 
1919 Convention. 

Barge Canal Bulletins, New York State. Series 1 to 10. 

Bridges. John W. and Edward D. Storrs. 

Detection of Submarines. Harvey C. Hayes. 

Examination of Waters and Water Supplies. J. C. Thresh. 

History of Water Supply of Glasgow, Scotland. John 
Burnet. 

Hydraulia. William Matthews. (Lond.) 

Industrial Arts Index, 1918. C. G. Noyes and L. D. Teich. 

Industrial Arts Index, 1918-19. M. E. Potter and L. D. 
Teich. 

Mineral Production of Canada, 1919. John MéLeeins B. A. 

Practical Hydraulics. Thomns Box. 

Railroad Curves and Earthworks. C. Frank Allen. 

Some Sources of Helium in the British Empire. J. C. 
McLennan. 

Tracts on Hydraulics. (Lond.) Thomas Tredgold.’ 

Transcript of Record, State of New York v. State of New 
Jersey. 5 vols. 
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PAPERS AND DISCUSSIONS 


This Society is not responsible for any statement made or opinion expressed in its publications 


CONCRETE ROAD CONSTRUCTION. 
By A. N. Jounson.* 


(Presented January 28, 1920.) 


BEFORE passing to the discussion of construction details 
proper it does not seem out of place to say a word as to the 
general conditions that control all highway construction. 

The large road offerings during last year, and the yet larger 
ones pending for 1920, compel a consideration of factors that 
previously did not enter seriously into plans for construction of 
any type of pavement. But to-day the large amount of work 
which is to be done makes so great a demand upon all resources, 
transportation, production of materials, labor and contractors’ 
organizations, that it is imperative that every advantage be 
taken to conserve and make as effective as possible each of these 
controlling factors. Of all of them, transportation or car supply 
is the most limited and will, therefore, control the amount of 
road actually completed in 1920. 

The fact that in the spring there are more open-top cars 
available than at other times during the year emphasizes the 
necessity that maximum use be made of all cars that may be 
available during April and May for the transportation of road- 
making materials and the storage of the same to be used in con- 
struction later in the season. The United States Bureau of 
Public Roads took the lead last fall in outlining the situation to’ 


* Consulting Highway Engineer, 111 West Washington Street, Chicago, Ill. 
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the state highway departments, urging them to let contracts 
as early as possible, so that contractors, in turn, would be able to 
give orders for materials and equipment. 

Such a program necessitates other changes from our ‘proce- 
dure in the past. Payments to the contractor would necessarily 
have to be made, so that he might receive a due amount for ma- 
terials that are stored and work that-is performed, the results 
of which would not be available in finished construction until 
considerably later in the season. 

In order to make the most of the limited labor supply, it is 
necessary that more attention than ever be given to labor-saving 
devices, and contractor’s equipment should be as nicely balanced 
as possible, so that each operation will codrdinate with all other 
operations that are required and not cause delay because one 
portion of the work is improperly or insufficiently equipped. 

The whole situation is one that must be given very much 
closer study both on the part of the engineers and the contrac- 
tors. Each must assume new responsibilities if road production 
is to be brought to a maximum. 

Subgrade. — The employment of machinery makes possible 
refinements which otherwise would not be practicable. The 
preparation of the subgrade is an example in point. More study 
and care should be given this part of the work. I agree with 
those engineers who have expressed the opinion that the sub- 
grade. should receive little or no rolling. This is particularly: 
true for heavy clay and gumbo soils. In general, it is recom- 
mended that the subgrade should be brought to within one or 
two inches of the desired elevation; the side forms should then 
be accurately set and the remaining portion of the subgrade 
carefully scraped or honed to the exact contour and elevation. 
This may be accomplished by a grading machine, recently put 
upon the market, which may be operated so as to bring the 
roadbed to as nearly true a surface as is desired for the surface 
of the concrete, which is as it should be. 

On those subgrades, in clay soils particularly, where drain- 
age is especially difficult, and upon certain types of heavy gumbo 
soils which undergo considerable change with the variations 
between dry and moist conditions, it is recommended that a 
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layer three or four inches thick, of cinders, sand, fine gravel or 
similar material, be placed, upon which the concrete is laid. 

Broad, flat shoulders will help greatly to minimize move- 
ment in the subgrade due both to frost and moisture conditions. 
Narrow shoulders bordered by deep ditches is a condition to be 
avoided. 

Side Forms.— The use of the subgrading machine which 
runs upon the side forms emphasizes the necessity for having 
them carefully placed and solidly constructed. ‘If heavy steel 
forms, preferably what is known as a ship-angle shape, cannot be 
secured, then three- or four-inch wood forms are more to be 
desired than the lighter steel forms that have been used, and 
which have proved so ineffective. 

Joints. — There is an increasing tendency on the part of 
many engineers to omit entirely expansion joints in the construc- 
tion of concrete roads, and there has accumulated ample experi- 
ence to justify such practice. The chief advantage gained by 
omitting expansion joints is the avoidance of an uneven surface 
at the joints, which often occurs unless extreme care is taken to 
place the joint and to finish the concrete surface in the immediate 
‘vicinity. 

Reinforcement.— The use of larger units of reinforcement, 
spaced wider apart than has been the custom, is gaining some 
preference. Particularly has the employment of bars { in. in 
diameter laid along the edge of the pavement and crosswise at 
intervals of four to five feet, proved to be a very practical and 
effective method. The use of reinforcement is strongly recom- 
mended for those portions of a road where the subgrade drain- 
age is regarded as especially uncertain. 

It is the practice in some localities to reinforce all the con- 
crete in all of the roads laid, but it would seem to be a more effec- 
tive use of the reinforcement if it were omitted over stretches of 
road which were well drained, and an additional amount, over 
that used at present, placed in those sections of the road where the 
greatest difficulty is expected, to obtain good subgrade conditions. 

The amount of reinforcement that is used, and that it is 
practical to use from a cost standpoint, is not sufficient to add 
appreciably to the cross-breaking strength of a concrete slab. 
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It is absolutely erroneous, therefore, to consider that reinforce- 
ment in anywise replaces concrete and that a thinner slab may 
be laid with reinforcement than would be laid without it. If 
the amount of reinforcement were thirty or forty times as much 
as is customarily employed, there would be some basis for such 
a contention. Reinforcement is useful, not to prevent the for- 
mation of cracks, but. to prevent acrack from opening and 
becoming of any appreciable size; and to this end a small amount 
of reinforcement is effective. 

Coarse Aggregate Tests.— About one third of the state 
highway specifications for concrete roads prescribe that the 
coarse aggregate shall have a French coefficient of wear not less 
than a certain grade, the highest grade prescribed being 12, 
while other states admit as low as 6 or 7. The French co- 
efficient of wear was designed, as all highway engineers know, 
to test materials for macadam roads. The effect of traffic on 
pieces of crushed stone in a macadam road is quite different from 
that upon pieces of crushed stone imbedded in a concrete road. 
In the former all the pieces are subjected to wear, — that is, 
due to the movement that occurs from the passage of a heavy 
vehicle, the pieces of stone move and rub upon one another, 
thus creating what is known as internal wear. It is essential, 
therefore, that pieces of rock having a high resistance to wear . 
should be used, and, because of this, it was seldom advisable to 
use rock in a macadam road having a French coefficient less than 
12 to 14. 

But in the concrete road there is no internal wear, and 
therefore the French coefficient does not offer any criterion as 
to the adaptability of a given rock for concrete road work. 
There are many concrete roads which have been made of aggre- 
gate having a French coefficient as low as 7, subjected to very 
heavy traffic and showing after a number of years’ service very 
little wear; no more than many other roads constructed with 
aggregate having much higher French coefficient of wear. In 
fact, it can be stated that as between an aggregate having a 
French coefficient of 7 and one having a coefficient two or three 
times as great there is no practical difference as to the wearing 
effect in a concrete road, and that, therefore, there is no reason to 
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exclude rock or pebbles that have a French coefficient as low as 
G10nIz. 

This point is discussed at some length by H. E. Breed, 
consulting engineer, New York City.* 

Tests of Sand for Organic Impurities. —Too few specifica- 
tions make provision for testing sand for organic impurities. 
The test is so simple and can be made so readily by any engineer ° 
or foreman in the field that it is entirely practical: and, because 
it is of the greatest importance that no organic impurities be in 
the sand, such tests should be required by all specifications. 

The test is made by shaking a few ounces of the sand in a 
3 per cent. solution of sodium hydroxide and, upon settlement 
over night, observing the clear liquid which, if colorless or at the 
most light yellow, indicates freedom of organic impurities; 
whereas if the liquid is a decided amber or brown it is an indica- 
tion of an amount of organic impurity which should not be per- 
mitted in concrete for road purposes. 

But a small amount of organic impurity is sufficient to re- 
duce the strength of the concrete to a third or a quarter of what 
it would otherwise be. In fact, but a comparatively small 
amount of organic impurity is necessary to cause complete dis- 
integration of the concrete. 

It is oftentimes true that many sands apparently clean will 
contain organic impurities in sufficient amount to make them 
dangerous for use in concrete road work. Sands having organic 
impurities may be washed and in most instances most of the ~ 
impurity removed, but they should be afterwards tested to make 
sure there does not remain a harmful quantity. 

Consistency. — We have learned from the investigations of 
Prof. D. A. Abrams, of the Structural Materials Research 
‘Laboratory, Lewis Institute, Chicago, that the strength of 
concrete depends absolutely upon the ratio of the amount of 
water to the amount of cement, and that the use of more water 
than is necessary to produce a workable consistency or plasticity 
is merely wasting cement and producing concrete from one third 
to one half the strength that it would otherwise have. It is 
therefore important that our specifications should contain some 


* Municipal and County Engineering, February, 1920, Dp. 5. 
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definite measure of the consistency desired. The majority of 
specifications at present merely describe the consistency of the 
concrete without providing any exact measure by which it may 
be ascertained. 

The slump test using a truncated cone mold has been de- 
veloped by F. L. Roman, testing engineer of the Illinois State 
Highway Department, which answers every purpose and may be 
readily used in the field. The method of making the test con- 
sists in filling a thin metal mold in the form of a truncated cone 
having an 8-in. base, 4-in. top and 12 in. high, with the freshly 
mixed concrete which is lightly tamped by a rod as the concrete 
is placed in the mold. As soon as the mold is filled and struck 
with a trowel it is removed by means of handles on either side, 
and the height of the concrete after removal of the mold is 
measured. The difference between this height and the height of 
the mold, or 12 ins., is taken as the slump. For concrete in 
concrete road work a practical consistency is obtained when the 
slump is between 5 in. and 1 in. Less than 3 in. gives too stiff 
a mixture, while more than I in. is unnecessarily wet if the road 
is to be finished by a mechanical tamping machine. Where the 
surface of the concrete is struck by a template worked by hand 
it may be necessary to use a consistency corresponding to a 
slump of 1% ins. 

In practice, the application of the test will be to mix a batch 
of concrete, knowing the amount of water used, and make the 
~ slump test. Accordingly as the slump measured is too little or 
too great, more or less water will be used in the succeeding 
batches. 

When the proper consistency has been obtained, as noted by 
the slump, there is little practical difficulty to secure a similar 
consistency by merely noting the appearance of the coricrete. 
The consistency which gives the highest strength in the laboratory 
uses too dry a concrete for practical manipulation, and has a 
rather mealy-dry appearance; whereas the consistency contain- 
ing the least amount of water which will give a workable plas- 
ticity, and therefore the strongest that can be made in actual 
work, is one which shows barely a glisten on the particles of the 
aggregate as they come out of the mixer. If the concrete has 
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an appearance wetter than this, the amount of water is unneces- 
sarily large for practical handling in road work. If no more 
than I0 or 15 per cent. excess water is used, it has cut down the 
strength of the concrete by nearly 50 per cent. Too great 
attention cannot be paid to this important point of controlling 
nicely the amount of water used in mixing the concrete. 

Proportions for Mixing Concrete. — Professor Abrams’ in- 
vestigations have also demonstrated that the effect of variation — 
in the grading of the aggregate upon the strength of the concrete 
is due to the fact that one grading may require a different amount 
of water for a given amount of cement than is required for a 
different grading, to give in each instance the same workable 
plasticity. From the sieve analyses he has evolved a property 
of aggregates which he calls the “ fineness modulus,” which gives 
a measure of the relative grading of different aggregates. The 
fineness modulus, he finds, is such a property of the aggregate 
that two aggregates within reasonable limits of grading with the 
same fineness modulus will, if mixed with the same amount of 
cement and water, produce a concrete of similar Dies and 
will in a given time attain the same strength. 

He has shown further, based upon the results of many 
thousands of tests, that, using the same proportion of cement 
with aggregates of different fineness moduli, and securing in each 
instance the same plasticity, the strength of the concrete varies 
as the fineness modulus of the aggregate. 

The sieve analysis of a given aggregate being known, the 
fineness modulus can be computed; and we may then determine 
the proportion of cement to use to produce a concrete of the 
desired strength. Thus it is possible and practical to make 
concrete of equal strength of quite dissimilarly graded aggre- 
gates. For example, one aggregate may range from 3- in. 
pieces to the finer sand particles, while the second may contain 
no pieces over I in. in size. Yet, by varying the proportions of 
cement, each of these aggregates may be used and the strength 
of the resulting concrete be the same in each instance. 

This fact is of great importance, as we are enabled to use a 
wide variety of aggregates with regard to sizes and grading. 
Many supplies of aggregates now excluded by the narrow, re- 
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strictions of our specifications, may be employed and exactly as. 
good concrete produced as that made under our present specifi- 
cations. We have been somewhat inclined to develop a stand- 
ard specification, and have lost sight of the fact that it is not the 
specification that is to be standard but, rather, the product. If 
concrete possessing the same strength and durability can be 
made from aggregates having various gradings and limiting 
sizes, then there is no reason to adhere to specifications which 
confine the selection of aggregates to those of a particular grading 
and exclude all others. 

Until we had before us the results of the investigations of 
Professor Abrams, we could not have said with any precision just 
what difference should be made in the proportioning of aggre- 
gates of different sizes in order to produce concrete of a given 
strength. This we are now able to accomplish; but it is not 
necessary here to enter into a further discussion of the principles 
involved. For those who desire to study the matter more 
thoroughly, reference may be made to the bulletins of the Struc- 
tural Materials Research Laboratory, Lewis Institute, Chicago, 
particularly Bulletin No. 1. 

Under our standard specifications to-day for fine aggregate, 
we are limited to the use of material varying from Z-in. size 
particles down to the finer materials, specifying that it shall be 
reasonably well graded between the smaller and larger particles. 
Suppose, however, there is available a quantity of sand contain-. 
ing no particles larger than }-in., or possibly containing no 
particles over 1/14-in., are we to throw away these sands, or may 
we use them varying the proportions so as to produce the same 
strength concrete as obtained with the sand containing }-in. 
particles? 

Our specifications to-day for coarse aggregate, while they 
vary somewhat more than for fine aggregate, yet restrict the 
choice of materials to very narrow limits, the sizes usually 
specified varying from 1-in. particles to 2 in., some as high as 
3-in. and a number limiting the larger size to 13 ins. But we 
have at hand, let us say, a large amount of material which con- 
tains no particles less than 1 in. in size, varying from that to 
2 ins, or possibly to 3 ins., or there is other material available- 
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containing nothing less than 4-in., and perhaps nothing over 1 
in. The question is, can we use such aggregates which vary so 
widely from our present specifications in such a way as to pro- 
duce concrete as strong and durable as with the aggregates that 
comply with our present specifications? From the discussion 
that has been made of Abrams’ work we know the answer to be 
MESH: 

Professor Abrams has prepared a table, which puts the 
results in a practically available form. 

The basis upon which this table has been constructed is the 
production of a concrete that experience has shown will have 
sufficient strength and durability for its purpose. There have 
been many miles of concrete roads built using a I : 2 : 3 mixture, 
with the fine aggregate varying from 4-in. size material to the 
finer particles, and the coarse aggregate varying from j-in. 
material to I4- or 2-in. size pieces. Such a concrete tested under 
laboratory conditions, using 6 by 12-in. cylindrical test specimens 
and with a plasticity that secures a practical workability, gives 
very closely, at twenty-eight days, a compressive strength of 
3 000 lbs. per sq. in. This was taken as a basis upon which the 
table has been prepared. 

Five different fine aggregates were selected, varying, as the 
table will indicate, from the finest which contains no particles 
over 1/28 in. and others not over 1/14, 3, } and 3 ins. in size, 
respectively. A wide selection of coarse aggregates is given, 
beginning with the first group which has the smaller limit of 
size at 1 in., while the larger limit varies from {-in. to 3 ins. In 
the second group the lower limit for the coarse aggregate is $ 
in., with sizes for the upper limit varying from { in. to 3 ins. 
Similarly, there are groups with the lower limit at 3 in., ¢ in. 
and 1 in., respectively, the upper limits in each group varying 
in sizes to 3 ins., making in all 27 variously sized coarse aggre- 
gates; each in turn combined with 5 different fine aggregates or 
sands, thus making 135 combinations of fine and coarse aggre- 
gates, each of which is proportioned so as to produce, under 
practical working conditions as to consistency, the same strength 
concrete. In all cases it is to be assumed that all aggregates 


that are to be used, irrespective of size or grading, are to be of 
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material structurally sound, clean and free of organic impurities. 

It should be mentioned that Professor Abrams’ tests demon- 
strated that the resistance to abrasion of concretes varied as 
the compression strength, — the greater the strength, the greater 
the resistance to wear; and that concretes of equal crushing 
strength gave about equal resistance to abrasion. 

In the practical application of the table we first have to 

define how to determine what is the upper limit of size for a 
given aggregate. Should any sand containing a few 4+-in. 
particles be classed as one varying from zero to } in., or should 
there be required a certain percentage of material between the 
¢-in. size and the next lower limit, as shown in the table, which 
is g-in? The proper allowance, Professor Abrams tells us, should 
be 15 per cent.; thatts, a fine aggregate with }-in. particles which 
did not contain 15 per cent. by volume of the material passing 
the sieve with 4 openings to the inch and retained on a sieve with 
8 openings to the inch, should be classed as 4-in. sand and not 
eect: 
The following rule is to be applied to determine the limits of 
sizes for the coarse aggregate: There shall be not less than 10 
per cent. of material between the largest size and the next smaller 
size shown in the table. Thus a coarse aggregate to be classed 
as 2%-in. size shall have not less than 10 per cent. of the material 
between the 23-in. size and the 2-in. size. If there is less than 
10 per cent. between the 23-in. size and the 2-in. size it should be 
classed as 2-in. provided there should be at least 10 per cent. of 
the material retained upon the 14-in. screen. 

The lower limit of size of a coarse aggregate shall be the 
largest size shown in the table for coarse aggregate, below which 
there is not to exceed 10 per cent. by volume of the material. 
Thus a coarse aggregate in which the lower limit of size is to be 
1 in. should be an aggregate in which there is not to exceed 10 
per cent. by volume of the material passing the I-in. screen. 
In all coarse aggregates, if there is to exceed 5 per cent. of the 
volume passing a }-in. sieve, then such excess shall be considered 
as fine aggregate, and the amount of fine aggregate to be used is 
to be modified accordingly. 


It will be noted that, in addition to the proportions by which 
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to combine the various fine and coarse aggregates with the unit 
quantity of cement, there is also given the quantities of the 
materials to be used to make 1 cu. yd. of concrete. These 
quantities are given in barrels and hundredths of barrels. for 
cement, and in hundredths of cubic yards for the fine and coarse 
aggregates. The quantities shown do not make any allowance 
for waste from any source; so that for practical estimates they 
should be increased from the amounts shown, as experience in 
handling the work according to the particular method to be 
employed has indicated as necessary. 

The following example will make clear the practical use of 
the table: 

It will be supposed that one sand is that usually specified, 
from 4-in. down, and must be shipped in at a cost of $2 per 
cu. yd., and that one coarse aggregate, varying from j-in. to 2 
ins., must also be shipped in at a total cost of $3 per cu. yd.; 
that there is available locally a supply of sand and coarse aggre- 
gate, each being rather fine, the sand varying from §-in. down, 
which costs $1.50 per cu. yd., while the coarse aggregate varies 
from 1-in. to I in. and may be secured at a cost of $2.50 per cu. 
yd. The cement in each case is assumed to cost $3 per barrel. 
The cost of a cubic yard of concrete using the materials to be 
shipped in would then be as follows: 


seaerbarrelsicement poco 35.0 +7 3 ee Howe eles Fer 4 (C300 4250 
Actes vcs Ole SANG miata ns acl wee wees soso as) os @ 2.000 = .86 
18r cu. yds. of coarse aggregate................ @ 3.00 = 2.43 

Total cost of materials for 1 cu. yd. concrete $7.85 
Using local materials the cost would be: 

1.72 barrels cement. .....----.+-- eee eee rece: @ $3.00 = $5.16 
.46 cu. yds. of sand.....---. 2. +e seers reer eee @ 1.50 = .69 
.66 cu. yds. of coarse aggregate...........+-+5: @ 2.50 = 1.65 

$7.50 


Total cost of materials for 1 cu. yd. concrete 


In this instance the local aggregate, although fine and re- 
quiring more cement, will produce a yard of concrete at less 


cost. In general, it will be found that the use of finer sand or of 
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finer aggregate increases the amount of cement, the opposite 
heing true for coarser sizes. Thus a coarse aggregate, with all 
of the fine material removed, varying from I in. to 3 in. in size, 
combined with sand varying from }-in. down, uses 1.49 barrels 
of cement; whereas an aggregate varying from I in. to } in. com- 
bined with the same sand, } in. down, requires 1.67 barrels of 
cement for a cubic yard of concrete. 

If the producer of aggregate materials can say what are the 
sizes of aggregates he can furnish, they can be used to make a 
concrete of a given strength. Should concrete of a strength 
other than 3 000 lbs. per sq. in. be desired, then another table 
would be calculated with the proportions and ouantities required 
accordingly; but the table given here is confined to the use of 
concrete for concrete-roads where a better quality and greater 
strength are required than is necessary for concrete for many 
other structures. 

A specification to include this table would provide a section 
somewhat as follows: 

Specifications for Proportions Using Abrams’ Table. — The 
proportions of cement, fine and coarse aggregate, for the concrete 
shall vary according to the sizes of the fine and coarse aggregates 
to be used, as indicated in Abrams’ Table of Proportions and 
Quantities as printed herewith. One sack of cement is to be 
considered as 1 cu. ft., and proportions are to be by volume. 
The quantity of cement in a cubic yard of concrete in place shall 
be not less than the amount as shown in the table for a given 
proportion of coarse and fine aggregates. 

Before work is started the contractor shall advise the 
engineer of the particular sizes of fine and coarse aggregates he 
expects to use, and no change shall be made by the contractor 
from such sizes except upon due notice in writing to the engineer. 

To determine in what classification a given aggregate shall 
fall, the following method shall prevail: 

For fine aggregate there shall be not less than I5 per cent. 
of the total volume between the coarsest size and the next smaller 
size shown in the table. Thus, if fine aggregate is to be classed 
as j-in., there shall be not less than I5 per cent. of the material 
between the No. 4 screen and the No. 8 screen. 
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In coarse aggregate there shall be not less than 10 per cent. 
of material between the largest size and the next smaller size 
shown in the table. Thus, a coarse aggregate to be classed as 
23-in. size shall have not less than 10 per cent. of the material 
between the 2-in. size and the 2-in. size. 

In each instance, whether fine or coarse aggregate, if there 
is not of the coarser sizes the amounts as here described, the 
upper limit of size of the material is to be that of the next smaller 
size. That is, an aggregate that contains some 23-in. material, 
but less than 10 per cent. between 23-in. and 2-in., is to be 
classed as 2-in. size for the upper limit. 

The lower limit of size of a coarse aggregate shall be the size 
shown in the table for coarse aggregate below which there is 
not to exceed 10 per cent. by volume of the material. 

If there is to exceed 5 per cent. of the volume of coarse ag- 
gregate passing the No. 4 sieve then such excess shall be con- 
sidered as fine aggregate and the amount of fine aggregate to be 
used shall be modified accordingly. 

Aggregate falling between limits of sizes other than shown 
by the table may be used only upon special written permission 
of the engineer and in such proportions as he may indicate. 

In all cases aggregates both fine and coarse are presumed to 
be reasonably well graded between the limits specified. 

Specifications for Consistency. — The amount of water to be 
used for mixing concrete shall be that which will give a con- 
sistency to be determined as follows: 

; Newly mixed concrete shall be placed in a truncated-cone 
shaped metal mold having an 8-in. base, 4-in. top and 12 ins. 
high. The concrete shall be lightly tamped with a rod as it is 
placed in the mold, which when filled is to be immediately re- 
moved by means of handles on either side of the mold and the 
slump or settlement of the concrete noted. For concrete to be 
finished by a mechanical tamping machine, the slump shall not 
be less than 4-in. nor to exceed 1 in. If the concrete is to be 
finished by hand methods, the slump may be as much as 13 ins. 
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DISCUSSION. 


Arruur W. Dran.*— Mr. Johnson’s table that he has 
given is most impressive. Theoretically, I think you will agree 
with me it doesn’t look quite right. Nevertheless, if it has been 
proven by experiment, it must be considered as being correct. 

Mr. Johnson did not cover some matters that may appear 
small but nevertheless are important; he stated that he should 
not cover every detail because he expects to have them brought 
out in the discussions. 

First is the matter of foundations. There seems to be, in 
the minds of some road builders, a tendency to believe that if 
you have such a solid surface as cement concrete you do not 
need as much foundation, or as solid a foundation, or a foundation 
as free from water, as you do if you are building waterbound or 
bituminous macadam or other similar surface that has more or 
less elasticity. It has been pretty well demonstrated in practice, 
however, that you need just as much and as good a foundation 
and just as much underdrainage for taking care of the subsoil 
water for a cement concrete surface as you do for any other 
type of surface. 

Some six years ago, if I may bring up a local matter, the 
Massachusetts Highway Commission was about to build a sec- 
tion of state highway in North Andover. An estimate was 
made, using about 18 ins. of foundation, under 6 ins. of bitumi- 
nous macadam. The cost ran up to somewhere in the vicinity 
of $30 000 a mile, according to that estimate. It was argued 
that if a concrete surface were used, less foundation and drainage 
would be necessary, and the cost of concrete surface with alleged 
sufficient foundation would be less than the cost of bituminous 
macadam with its necessary foundation. Consequently, what 
the engineers of the Commission called a ‘‘ demonstration road,” 
and some others called an ‘‘ experimental road,’ was built. 

Those of you who travel around the country in automobiles, 
and have been over the road from Lawrence to Salem, may 
have noticed a mile and a half of road built without much foun- 
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dation or much drainage, and that road, originally in 30 ft. 
slabs, is now in slabs from 30 ft. down to slabs of 1 ft. square. 
The slabs are all there, however. Very little maintenance has 
been necessary, except to fill the cracks with tar or asphalt, and 
there has been very little time in the spring of the year when 
the road is not fairly smooth to drive over. No slabs have had 
to be entirely rebuilt, but two or three have been partially re- 
built since the road was constructed. Other maintenance was 
simply to putty up the cracks. While the expense of mainten- 
ance has not been large, the method of construction is inadvisable, 
and the cracks make the surface unsightly. Its designation by 
the engineers as a ‘‘ demonstration road’’ originated at the time 
it was built, it being their belief that the construction was im- 
proper, and the appearance of the road surface surely demon- 
strates the truth of their belief. 

Mr. Johnson spoke of the necessity for reinforcement, or, 
rather, usefulness of it. A portion of that road was built with 
reinforcement in certain sections, taking sections 100 to 150 ft. 
long, at various points along the road, in order to get a good 
comparison between the sections which had been reinforced and 
those without. An inspection of the road will show that where 
the reinforcement exists there is a little difference in the size of 
the cracks; but there are just as many cracks where it was rein- 
forced as there are where it was not reinforced in the adjoining 
sections. My theory of reinforcement is that it may be excel- 
lent for a few years, in keeping the cracks from being quite as 
wide as if there were no reinforcement, but I think all engineers 
will agree with me that, with wire-mesh reinforcement, when a 
crack comes the moisture will get in, and it will not be many 
years before the wire mesh at that point has rusted out, and then 
where the crack is there will be no reinforcement. When frost 
is coming out of the ground or going into the ground, the ground 
does not rise uniformly, and if your reinforcement is to keep your 
concrete from cracking, due to loading of the concrete, you don’t 
know whether to provide beam or cantilever. If the reinforce- 
ment is placed at the bottom of the concrete you assume you are 
taking care of it when the load is on the center; but the edges 
may not be well held up. On the other hand, the center may be 
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held up and not the edges. Reinforcement really appears of no 
value except to temporarily keep the cracks from spreading. 

Mr. Johnson spoke of joints. It has been my observation 
of these concrete surfaces, that where expansion or contraction 
joints are placed 30 ft. apart, other additional cracks form in the 
concrete slabs. Where they are placed 120 ft. apart you have 
just about the same number of cracks-in a 120 ft. single slab as 
you have in four 30-ft. slabs. Personally, I can see absolutely 
no advantage of putting in expansion joints, other than what 
might be put in at the end of a day’s work, or a half day’s work 
(the day’s work being assumed at 250 to 300 lin. ft.). No mat- 
ter how carefully you put in these expansion joints you can’t 
avoid a little disagreeable motion when you ride over them with 
a rubber-tired vehicle. When you ride over a joint that is made 
by nature, on the other hand, there is not the ridge, depression, 
or difference in elevation; consequently the road rides smoothly. 
Hence I should advocate no expansion joints, except, as I said, 
at the end of a day’s work, but let nature make her own joints, 
because you know she will make them, even if you make artificial 
ones for her. 

Mr. E. S. LaRNep.* — I want to ask a question in regard 
to this sand which Professor Abrams used in preparation for 
‘this tabulation. In the sizes running from a No. 28 mesh sieve 
to a §-in. sieve, is that natural sand or artificially graded sand? 

Mr. JoHNsoNn. — It is understood that 0 to 2-in. sand means 
sand that is graded from the finest material to 3-in. size. 

I cannot say positively whether the samples that may have 
been used were specially prepared or not. It is evident that 
sands varying from finest particles to g-in. in size may have a 
variety of gradings, some of which may have the same fineness 
modulus, while others will vary. These tables are based upon 
what might be termed an average fineness modulus, that is, the 
fineness modulus of average grading of material for the particu- 
lar limits of size shown. Theoretically, if the fineness modulus 
varied from the one assumed, then the proportions should also 
be varied, but practically it is not found necessary to make such 
fine distinctions. It is hardly likely that there would be a 
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material with the sizes indicated and having the percentages of 
fine and coarse as prescribed which would have a fineness modu- 
lus differing from the one assumed in the construction of the 
tables sufficient to make necessary any variations in the pro- 
portions. 

Mr. Larnep. —I don’t know what the impression gener- 
ally might be, which has been conveyed by these figures, but in 
a way, if I take Mr. Johnson's statement as made, it upsets some 
pretty well-established opinions we have formed in regard to 
sand. I can’t think that Mr. Johnson means that we Shall 
refer to the bank sand man, or contractor, and learning what 
he has that we can use it by referring to this table, because a 
great many sands are absolutely unfit for concrete work, even 
though they might conform, in a. measure, to these granulo- 
metric compositions. Sand that runs from zero to No. 28 mesh 
is a very fine sand. It would naturally produce a weak mortar; 
and how, with a sample of that sand, you can obtain strength 
equal to that with the 4-in. sand, and in addition to that use a 
larger proportion of sand, simply by using a coarser large aggre- 
gate, and obtain equal strength, I don’t understand. 

Of course I fully appreciate the value of these experiments, 
and I think it is furnishing data of great interest and value to 
the profession. I do think, however, that when we come to 
concrete-road construction we are confronted with conditions 
so far different from laboratory results that we have to con- 
sider some other things, and I think if the local sand is tested in 
the laboratory, in the only way we now have for a basis of com- 
parison, — with standard sand, — Ottawa sand (I think this is 
a pretty good basis on which to work), — that with all the various 
combinations that have been worked out, with the various aggre- 
gates, fine and coarse, in a practical way, we have come down to 
a pretty general specification where we can use either a I : 15 :3 
mix or a I : 2:3 mix, if we want a pretty fat concrete; and if 
it is possible to vary these results in the interest of economy, of 
course that is desirable, but I think the use of sand itself should 
be based not alone on its fineness but on the grade of sand to 
be used with particular reference to its effect upon the early 
strength of concrete. 
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Referring to the question of joints, I find a general recog- 
nition of the unimportance of contraction joints. I have long 
regarded them as not only unnecessary, but as a defacement and 
an element of weakness in a concrete road. As generally con- 
structed, with fabricated mastic or three layers of three-ply 
paper, which must stand up above the surface of the concrete, 
this necessitates a split float. The concrete must be brought 
up to that bulkhead, and in doing so, with concrete of a normally 
wet consistency, an excessive amount of fine material is brought 
against the joint line. There is, consequently, more subsidence 
at that point, due to excessive wetness and fineness, which 
brings about unevenness; and then, when the jointing material 
gives out, an open joint from 2 in. to 3 in. develops, which is a 
weakness, because every time a wheel drops into it the concrete 
chips off, and then it opens up even wider. 

In the matter of finishing concrete, I thoroughly approve of 
the use of the roller and of the belt. This possesses all the 
advantages Mr. Johnson has outlined, and is economical to the 
contractor. - He can do the work better and cheaper in that way. 
There is a knack, however, in the use of the roller. It can’t be 
put on the work too soon, and you can’t follow up with the belt 
too soon. You must wait until the work is just the right con- 
sistency to admit of the belt slipping readily, and yet not work- 
ing too deep into the concrete. 

Foundations are one of the most important things, and I 
am glad to hear that Mr. Johnson emphasizes the necessity of 
a uniform base. It is a very common thing to-day, in the con- 
struction of concrete slabs, to see them put on an earth or gravel 
road, or on worn-out bituminous macadam. If the road is not 
too badly worn out, they spend very little time ovér the base, 
other than to fill up the irregularities and spread a very light filk 
on the sides of the road. The crown of the road often is not 
taken out. I believe that there is danger in this. In Delaware, 
of course, the soil is different. Tt runs from clay to fine sand 
and they use this screeding apparatus, which shaves off the 
base, is pulled ahead, and with rolling gives a very flat, true 
surface. I believe that is very desirable. In Massachusetts 
to-day some engineers are looking with favor upon the use of 
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the sand cushion between the concrete slab and the foundation, 
whatever it may be,— earth, stone, gravel, or clayey soil. I 
believe this is a very excellent thing. I think a sand cushion of 
as little as 1 in. will do away with much of the trouble by frost 
and moisture action. 

I think the question of protecting the surface of the concrete 
against too rapid drying out is a good thing to consider. I 
have noticed that too often the specifications are drawn for 
canvas covers, and then canvas covers are not used. It has 
been found, if the slab is covered promptly and the covering 
wetted down promptly, that you get very excellent results. <A 
few years ago I became an amateur contractor. I used for 
covering purposes a fine material, stone dust, that we later put 
in the shoulder of the road. We had very satisfactory results: 
We got no crazing or checking, and I don’t believe the results 
would have been any better with canvas covers, and if we had 
been forced to use canvas it would have added very materially 
to the cost of the work. 

I think those things should be very carefully considered as 
reducing the cost of the work. It is very important to keep the 
cost down to the contractor, and thus, through him, to the 
municipality. 

Mr. Jounson. —I might say a word in addition to Mr. 
Larned’s discussion. This idea that we have, that concrete is 
made up of mortar and coarse aggregate, is absolutely wrong, if 
we are going to get the essence of the work of Professor Abrams. 
Concrete is a mass of aggregates — they may be all of them fine 
or two of them fine, or anything. The object of the division 
into fine and coarse is simply to make the thing commercially 
practicable. Now, it would be better for concrete to have four 
divisions and thus have better control of the aggregate, and we 
would then know more nearly, with any given aggregate, just 
how much of the aggregate we should use. The comparison of 
sand with Ottawa sand has no significance whatever. The point 
is, does the sand that we use, with the rock that we have, produce 
the concrete that we want? And, if we can show that it does, 
any other comparison is aside from the matter, or useless. I 
can’t give you the basis of all of this work. It would take too: 
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long, if I could. But the bulletins Professor Abrams has issued 
contain the principal portion of it, and if any of you are inter- 
ested in it they are available and have been republished by the 
technical press. 

In the matter of durability we are assuming that we have 
good concrete, and hence we can forget the action of traffic on 
that concrete. Durability depends on climatic action, — move- 
ment of the subgrade resulting in cracks. Those are the elements 
that will determine the life of the road, and not the wear due to 
traffic. That has been slight, even on roads carrying the heaviest 
traffic. 
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MEMOIR OF DECEASED MEMBER. 
HENRY MANLEY.* 


Henry MANLEY was born in what was then North Bridge- 
water and is now Brockton, Mass., on August 31, 1841, and died 


HENRY MANLEY 


October 28, 1919, at his home in West Roxbury. His father was: 
Salmon Manley, a substantial farmer, and his mother was Iza 


* Memoir prepared by C. Frank Allen ,.Edward W. Howe and Laurence B. Manley. 
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Annette Howard. Through his father’s mother he could trace 
his descent from Francis Cooke, one of the Mayflower passengers, 
and again, through his own mother, he was descended from 
Mary Chilton, who is reputed to have been the first woman from 
the Mayflower to alight on Plymouth Rock. 

Among the earliest of his ancestors known to have settled 
in the Old Colony, was John Howard who came from England, 
at the age of fifteen, and lived in the family of Miles Standish 
in Duxbury. The records show him as “able to bear arms” 
in 1643. When, in 1649, Miles Standish and two others bought 
from the Indians the site of Bridgewater under authorization 
from the Old Colony Court at Plymouth, this John Howard 
became one of the original proprietors of Bridgewater. He was 
evidently a man of prominence, one of the earliest surveyors of 
highways, a selectman in 1678, and later, in 1683, a representative 
to the General Court. At his death he was possessed of 450 
acres of land in Bridgewater. 

The first Manley of whom a record is extant was William 
Manley, who left Weymouth to settle in Easton about 1695. 
Early in the next century his grandson, Daniel, the great- 
grandfather of Henry Manley, removed to the farm in North 
Bridgewater, where Henry Manley was born. This farm, with 
some additions, remained in the family for nearly two hundred 
years, until it was taken by the City of Brockton for its sewage 
disposal beds. All the Manleys were farmers of substance and 
standing in the community and signed themselves “ yeomen.” 
‘They were evidently well educated; the second Daniel Manley, 
grandfather of the subject of this memoir, was evidently of this 
type, as many of his accounts and records, written in a beautiful 
hand, are preserved in the family. 

It has frequently been stated that the best crops of New 
England have been its men; and its best fruits, character. The 
residents of the Old Colony, from its earliest settlements, have 
been among those to whom is due, in large measure, the leadership 
which the Commonwealth of Massachusetts early exerted in 
religion, education and industry. 

It was Henry Manley’s good fortune to be born and brought 
up on a New England farm, an unrivaled school for the develop- 
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ment of industry, resourcefulness and self-reliance. In so far 
as engineering consists of providing suitable means for meeting 
existing conditions, a farm offers opportunity for the development 
of engineering qualities. 

The early education of young Manley differed little from 
that of other boys. He stood well in the “ district school ”’ 
characteristic of his time. Even then, note was taken of the 
originality of thought so characteristic of him. When he was 
eleven years old, his father died as the result of an accident. 
Farm work under his older brothers proved more irksome to 
him than while his father was living. A fondness for learning 
led him, at the age of sixteen, to apply for entrance to the State 
Normal School at Bridgewater, but it was found that he was a 
year too young. The outcome was that he attended Bridgewater 
Academy for a year. Here he met the principal’s son, Francis 
T. Crafts, who became his lifelong friend, his army chum and 
companion in his later travels. Manley then entered the Normal 
School, from which he was graduated in 1860. Following this, 
he spent about two years in teaching. 

When the Civil War came on, Henry Manley, at the age of 
twenty-one, enlisted in Company K of the Third Massachusetts 
Volunteer Militia, being mustered in on September 23, 1862, 
and mustered out on June 26, 1863. His father had served for 
a time in the War of 1812. Three of his ancestors were in the 
Colonial militia during the American Revolution. The regiment 
saw service in North Carolina, in the battles of Kingston, White- 
hall and Goldsborough. It did not see excessively bloody 
service, but the long marches and the southern climate seriously 
affected Manley’s health, so that with his friend Crafts he took 
a long sea voyage, landing at Cape Town, South Africa. At 
Port Elizabeth, and later at Uitenhage, they engaged in a photo- 
graphic business. A fire finally put a stop to this, and led to 
his leaving South Africa after spending about a year there. 

Mr. Manley returned to take up teaching again for a time, 
but he had decided to become a civil engineer, and, in 1866, he 
entered the office of J. Herbert Shedd, in Barrister’s Hall, Court 
Square, Boston, a site now occupied by Young's Hotel. This 
office was, perhaps, the most important in the city at that 
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time, and offered the best training for prospective engineers. 
An “‘ apprentice ”’ system was then in force, the pay scheme being 
one dollar per day for the first year; one dollar and a half the 
second; two dollars for the third year. This payment per day 
was for ten hours, provided one had work. There was a “ tui- 
tion ’’ charge of one hundred dollars per year whether there was 
work or not. Many well-known engineers had their training, in 
whole or in part, in this office. While connected with Shedd’s 
office, Manley went to Providence upon the preliminary survey 
for the water works, cf which J. Herbert Shedd later became 
chief engineer. 

During his stay in this office he was loaned for a time to 
the city engineer of Boston. The outcome was that in the 
spring of 1869 he was permanently transferred to the office of 
the city engineer of Boston and remained in that service until 
his retirement, forty-two years later. 

His earliest work of importance with the City of Boston was 
making surveys for supplying water to Roxbury and Dorchester, 
both of which had recently been annexed to Boston; and later 
came surveys for the extension of the water service to Deer 
Island. 

He made surveys for, and had charge of the construction 
of the sea walls on Atlantic Avenue, from Broad Street to Com- 
mercial Street at Eastern Avenue, and also had charge of con- 
struction of numerous wharves and bridges, among them the 
Federal Street Bridge to South Boston, the Chelsea Street Bridge 
from East Boston to Chelsea, the bridge ow the extension of 
Congress Street to South Boston, and the rebuilding of the 
Broadway Bridge across Fort Point Channel. 

In 1873, when Joseph P. Davis became city engineer, he 
assigned Manley to the work of surveys and examinations of 
all the bridges within the city limits. This included making 
plans of many bridges of which there had been no record in the 
office. In 1877, he was assigned to the examination and repairs 
of the bridges of the city, and continued in that work until 1891. 

Following an act of the legislature providing that a large 
proportion of the cost of street construction should be assessed 
upon the abutting property, an extensive program of street im- 
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provement was entered upon, and it fell to the engineering depart- 
ment to take care of the surveys, preparation of plans and 
specifications, together with supervision of construction. Man- 
ley was put in charge of this work in 1891, and continued to be 
connected with it until his retirement in 1910.. He was retired 
with a pension under a city ordinance applying particularly to 
veterans of the Civil War. During his connection with the City 
he found opportunity for more or less private practice in various 
parts of New England. 

Mr. Manley was one of the group that started a society of 
civil engineers in Boston in May, 1873, and was elected one of 
the vice-presidents of that society. When it appeared, after a 
few meetings had been held, that there already existed, although 
then dormant, ‘‘ The Boston Society of Civil Engineers,” char- 
tered in 1851, he was one of a committee of inquiry into the 
situation. The outcome was a revival of the old society, the 
members of which met and took into their society all those who 
had become members of the new society; this was in June, 1874. 
_ He was treasurer of the Boston Society of Civil Engineers 
from 1880 to 1892, when he was elected president. He was also 
elected a director for two years, immediately following his 
presidency. For twenty-six consecutive years Manley was 
each year elected by general consent ‘the committee” to 
arrange for the annual dinner. This extended from the first 
annual dinner in 1883 up to and including 1908, after which a 
new scheme for the annual meeting and smoker at the City 
Club brought about a new order of things. His election to the 
presidency by a large majority, at a time when three nominations 
were necessary, was an evidence of his popularity and an appre- 
ciation of his long and efficient service to the Society. 

Of several papers before the Boston Society of Civil En- 
gineers, the most interesting and important was that on “ Rapid 
Transit in Boston,’ presented in 1889, which was very fully 
discussed. Another paper, in 1893, ‘‘ The Influence of his Pro- 
fession upon the Social Relations of the Engineer,’’ was part of 
a series on Engineers’ Relations. Still another, in 1903, was 
again one of a series dealing with Street Railway Tracks, and was 
entitled, ‘‘ The Relation of Street Railway Tracks to the Paving 


of City Streets.”’ 
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He was a charter member of the Massachusetts Highway 
Association, organized in 1893, and its president in 1896. The 
Connecticut Highway Association, at Springfield, in 1897 
elected him an honorary member in recognition of his “ kindly 
influence upon the affairs of the association.”’ 

In 1880, he joined the American Society of Civil Engineers, 
and was a director of that society, 1898-1900. When this society 
joined with the other national engineering societies for a trip to 
Europe in 1889, Manley and his wife were members of the party; 
a trip to Europe was at that time an event. 

Manley was an examiner for the Civil Service Commission 
of Massachusetts for inspectors from 1891 to 1913, and on 
civil engineer grades from the beginning in 1897 to 1913. 

His work here, as elsewhere in engineering, was marked 
by a strong fund of ‘common sense,” upon which in large 
degree his success as an engineer was based. He was, however, 
by no means deficient in education. In his time, engineering 
schools were barely in evidence. But, starting on the farm, 
carrying his formal education beyond the academy or high school, 
through the normal school, teaching several years, spending 
nearly a year in the army, and a year away from New England 
in South Africa, he was educated well beyond the limits of most 
of his contemporaries in engineering. 

He attended the Unitarian Church at West Roxbury, was 
its treasurer for thirteen years, and when the Church was moved 
was chairman of the Building Committee for what is now used 
as the parish house, but was for many years occupied as the 
church. He was a member of the Committee on the Memorial 
Window, served at various times as auditor, and was a trustee 
of the “ Bradford Fund” for thirteen years. He was also a 
member of the Unitarian Club meeting in Boston, and at its 
dinners wisely took care to sit next to strangers, rather than 
old friends, in order to extend his acquaintance. 

Manley was an early member of the local Highland Club of 
West Roxbury, where he is well remembered by his friends as a 
devotee of the pool table. He was at one time treasurer of the 


club. He was also among the early members of the Boston 
City Club. 


99 66 


MEMOIR OF DECEASED MEMBER, 229 


He was interested in his family history and became a mem- 
ber of the New England Historic Genealogical Society. He 
also had a part share which entitled him to the use of the Boston 
Atheneum. After his retirement he found our Society’s library, 
the City Club, the Atheneum, and the Genealogical Rooms, 
convenient places for the enjoyment of his leisure hours. 

He was a member of Charles W. Carroll Post No. 144, 
Grand Army of the Republic, located at Dedham. In the 
History of the Third Regiment, he contributed the chapter on 
Company K, of which he had been a member. He was also a 
Mason, the degree of Master Mason being conferred by Revere 
Lodge of North Bridgewater in 1863, from which he demitted 
in 1872, and for a time was a member of Good Samaritan Lodge 
of Reading. 

On November 6, 1867, he was married to Susan Elizabeth 
Marshall, of North Bridgewater, where they started house- 
keeping in their native town. The following year they moved to 
Brighton, and shortly after bought a house in Reading. In 
1875, they moved to Boston on account of Mr. Manley’s em- 
ployment by the City, and settled on Mt. Vernon Street, in the 
newly annexed suburb of West Roxbury, which was to be their 
home for the remainder of their lives. They had four children, — 
a daughter, who died in infancy, and three sons, all of whom 
became engineers. The oldest, Laurence B. Manley, and the 
youngest, Henry Manley, Jr., are members of this Society. 
The other son, Howard T. Manley, has been several years a 
resident of Mexico. Mr. and Mrs. Manley lived most happily 
together for nearly fifty-two years. Mrs. Manley survived him 
by less than two months. 

' Henry Manley, to his friends, was.a delightful companion, 
pointed and quaint in his sayings and ways of-doing; a typical 
Yankee, keen in his ways of accomplishing things. .Many anec- 
dotes might be given for illustration if this were the appropriate 
place. He was a good friend and neighbor, a worthy citizen, 
ever faithful and efficient in the many duties entrusted to him. 

Among his effects were found the following verses copied 
by him in 1912 from “ Recollections of a Lucknow Veteran 
8145-1876, by Major General John Ruggles.” It is thought 
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that he had some intention of reading them at one of the Annual 
Dinners, and that they may fittingly serve as a personal message 
to his lifelong friends in the Boston Society of Civil Engineers. 


“ Good-night! I am old and my blood has grown cold, 
I am weary of banquet and ball; 

I have shared of your best, I would go-to my rest,— 
Good-night to you, gentlemen all! 


‘From the laughter and light, I must ride through the night, 
Alone from your festival hall; 
Looking back through the years with no tremors or fears,— 
Good-night to you, gentlemen all! 


‘Spur at heel, sword at side, as a man I will ride 
With no dolorous trappings or pall; 

No tolling of bell, but a smile for farewell,— 
Good-night to you, gentlemen all! 


“Fair ladies, adieu! my obeisance to you; 
One kiss, lightly blown, to recall 

The hey-day of life, with its love and its strife,— 
Fair ladies, good-night to you all! 


‘“ The Recorder from whom no man’s secrets are hid 
Has called me; I go at his call. 

I am ready to answer for all that I did, — 
Good-night to you, gentlemen all! 


‘ Good-night! then good-night! Though your fires burn bright, 
With your lusters ablaze on the wall, 

Yet the stars are agleam on the ford at the stream ,— 
Good-night to you, gentlemen all!” 
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your organization, as it is to mine.’’ 
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